1. The relationship between volumes expired and the maximum intrathoracic pressures developed within the first second of expiration was examined in a group of healthy subjects and patients with airways obstruction who exhaled with varying degrees of effort.
Among the most widely used respiratory function tests are the Forced Vital Capacity (FVC) and timed fractions of the FVC (FEV 1 . O ' FEV o . 7 S , FEV o ' s)' By definition the FEV 1 • O is that volume of air which is expelled during the first second of an expiration made from the position of maximum inspiration using the maximum effort, yet in practice it is not easy to ensure that the subject inspires fully or that he makes a maximum expiratory effort. The size of an effort depends upon a state of mind in the subject and cannot be measured directly, but the intrathoracic pressure developed is a function of effort and this may be estimated by measuring oesophageal pressure (Poes) . Our study differs from previous ones (McKerrow, 1960) in that measurements of expired volumes and oesophageal pressures were combined with the plethysmographic measurements of lung volume.
METHODS

Subjects
Three subjects free from respiratory disease were investigated and ten patients with airways obstruction due to asthma, chronic obstructive bronchitis or emphysema. The physical characteristics of the patients are shown in Table 1 and the individual diagnosis in Table 2 . l:xperunental technique Poes was measured by means of a thin latex balloon 12 em long, attached to a polythene catheter and placed in the lower third of the oesophagus; the balloon contained O·S ml of air and pressure changes within it were measured with a micromanometer with a low displacement coefficient (Cv = 0·015 ml/cm H 2 0 ) (Milic-Emili, Mead, Turner & Glauser, 1964) . The response of this system and of the systems measuring plethysmograph and mouth pressures were synchronous. The expiratory flow rates were measured using a Fleisch pneumotachograph coupled with an electrical pressure transducer; volume expired was derived by electrical integration of the output of this transducer. Plethysmograph pressure, oesophageal pressure, flow rate and expired volume were recorded simultaneously on a multichannel ultraviolet recorder, along with a time trace. The dependence of both FEV! and flow upon the lung volumes at which they are measured has been well established (Hyatt, Schilder & Fry, 1958; Fry & Hyatt, 1960; McKerrow, 1960) and it was therefore essential that all our measurements be made at the same lung volume if they were to be comparable. We endeavoured to start all expirations from the total lung capacity (TLC) and we checked that this was so in the following manner. The subject wasseated in a body plethysmograph and panted against a closed shutter for a few seconds, while the box and mouth pressures were recorded and the thoracic gas volume at this instant was calculated by the method of DuBois, Botelho, Bedell,Marshall & Comroe (1956) . After the shutter on the pneumotachograph was re-opened the subject inhaled maximally and then without removing his mouth from the mouthpiece expired completely. The lung volume at the start of expiration was thus the lung volume measured by plethysmography plus the inspired volume measured by integration of the pneumotachograph output. The average of the lung volumes at the start of all expirations (about twenty in all) was then obtained, and expirations made from a lung volume which was between 90 and 110% of this average were accepted arbitrarily as being made from TLC (this is in accordance with the reproducibility of the TLC measurement).
RESULTS
Three different types ( Fig. 1 ) of the FEVcPoes graphs could be distinguished from our records. Type I shows a positive effort dependence (the harder the blow, the greater the FEV!); type II shows an initial positive effort dependence of the FEV! followed by a typical plateau; type III shows a negative effort dependence, i.e. above a certain critical Poes, the increase in effort resulted in reduction in the volume expired. This is an arbitrary division of a continuous family of curves ranging from those with very little change in slope to those with reversal of slope. It was not always easy to assign an individual curve to a definite type, nor was the shape of the curve characteristic of any particular clinical diagnosis.
The maximum oesophageal pressure and the FEV! attained by the different subjects varied widely. In order to facilitate comparison, the results were expressed in terms of percentages, 100% being taken as the mean of the three greatest values of the pressures and volumes recorded by each subject (Table 3 ). The number of satisfactory records obtained from each subject varied between fifteen and twenty.
An interesting common feature of the graphs obtained from a number of our patients was that FEV! produced when blowing with only a quarter of the maximum effort, was not significantly different from the FEV! obtained during a maximum blast, suggesting that effort dependence is unimportant for the greater part of the effort range, though with low oesophageal pressures (less than 25% of the maximum attained) effort dependence was apparent in most subjects.
The subjects could not easily vary the pressure with which they blew and they tended to blow with pressures near the maximum which they could attain, unless they tried to blow softly in which case they developed very low oesophageal pressures. Blowing 'half as hard' as possible was not a natural procedure and most subjects needed a lot of practice before they succeeded in achieving Poes in the range 25-75% of their maximum. 
DISCUSSION
The requirements of the ideal respiratory function test are that it should be at once valid, sensitive, reproducible (Sobol & Emirgil, 1968) and convenient. No respiratory function test satisfies all these requirements and the needs of convenience have necessarily overridden other requirements in large field surveys and in routine clinical work. This accounts for the wide use of the FEY t and FYC which can be measured quickly using simple portable apparatus.
It is important to consider how far these tests satisfy the other requirements of the ideal respiratory function test. The FEY t has been found to be fairly reproducible both when repeated immediately or after the lapse of days, weeks, or months in healthy subjects (Dawson, 1966) as well as reasonably sensitive (Thomson, Pelzer & Smither, 1965) . The dependence of the FEY t on available lung volume, the force that the expiratory muscles can exert, the compliance of the chest wall, the elastic recoil and compliance of the lung tissues and on airway resistance (Stevens, Orman & Graves, 1969) coupled with its relation to height, body size, age and sex (Ringqvist, 1966) confirms that it is a function of the state of the system and substantiates its validity. Many workers have stressed that oesophageal pressure is a poor approximation to pleural pressure (Attinger, Monroe & Segal, 1956; Mead & Gaensler, 1959; Knowles, Hong & Rahn, 1959) which in any case is not evenly distributed over the pleura (Milie-Emili, Henderson & Kaneko, 1967) but it is the best method available (Schilder, Roberts, Greenfield & Fry, 1965; Mead & Gaensler, 1959) and we had to accept its limitations.
Advocates of the FEY 1 have claimed that it is effectively independent of effort. This independence means that maximum flow and volume are set by the mechanical characteristics of the lung rather than the muscular power used to expel gas from it. In spite of this claim there are surprisingly few studies on the relationship of the expired volume (the integral of flow rate) to effort, and this cannot be simply deduced from the relationships between flow, pressure and lung volume. Dayman (1961) pointed out that the expiratory spirograms could be divided into three phases-an initial short effort dependent phase, then a critieal flow phase, independent of effort, which covers the greater part of expiration and finally, a terminal phase which is again dependent on effort. The contribution of flow during the initial phase to the FEY 1 is small compared to that of flow during the second, effort independent, phase so that one would expect the whole FEY 1 to be relatively independent of effort. McKerrow (1960) studied the relationship of expiratory effort to the FEY o o 7 5 by simultaneously recording the FEY o o 7 5 and oesophageal pressure. The published curve of FEY o . 7 5 against maximal oesophageal pressure attained was the same as our type III. Gandevia (1963) studied a few subjects with gross tracheobronchial collapse and a characteristic expiratory spirogram in which the FEY 1 was less than the volume expired in the first second of a quiet expiration, so that the FEY 1 was showing 'negative effort dependence'. It has also been shown (Ingram & Schilder, 1966; Jaeger & Otis, 1964 ) that the tidal volumes measured at the mouth may differ from the volume change of the chest measured plethysmographically by an amount which depends on the resistance to airflow offered by the tracheobronchial tree, the frequency of breathing, the thoracic gas volume and the compressibility of the gas. The effect of compressibility is negligible in health during ordinary breathing but may become quite large during forced expirations and is even more pronounced when the airways are obstructed. In our study it is likely that in type III cases there is appreciable narrowing and collapse of airways with increase in effort. Bronchoscopic and radiographic evidence (Fraser, 1961; Macklem, Fraser & Bates, 1963) supports this view as do the findings of Macklem & Wilson (1965) who state that in healthy subjects collapse of airways occurs above segmental level, where they are well supported by cartilage; in disease Macklem, Fraser & Brown (1965) describe evidence of collapse in both the finer and the larger airways.
We have only one clear-cut example of a type I curve. An entirely different mechanism is required to explain its shape. Although this patient, who is asthmatic, consistently exerted the maximum effort of which she was capable, there was no indication of airway collapse. It would seem that her airways were more stable than usual, due perhaps to an increase in bronchial muscular tone. Bronchoconstriction has been shown to render the airways more stable than normal (Olsen, Stevens & McIlroy, 1967) . This patient was aware of 'tightness' in her chest throughout the investigations and this was promptly relieved by giving her isoprenaline at the end.
The FEV 1 is a clinical measurement; unlike the more specificmeasurements such as pressure and flow or volume, it is difficultto make precise deductions about pulmonary mechanics from it. Nonetheless it is interesting to compare the results of our study with the conclusions made from studies of instantaneous pressure-flow relationships. The Waterfall theory (Pride, Permutt, Riley & Bomberger-Bernia, 1967) or the Equal Pressure Point theory (Mead, Turner, Macklem & Little, 1967) predict that the flow through the flow-limiting segment of the pulmonary airways is independent of the pressure drop across it. If this is true, the FEY t would be independent of the pleural pressure developed, as is the case in our type II curve when Poes exceeds a certain value. Mead and others showed that flow is independent of pressure over the range from 30 to 90% of the vital capacity, hence the greater part of the FEY! is independent of effort. Campbell, Martin & Riley (1957) estimated the lowest pressure at which maximal flow could be recorded for any given lung volume and we can compare their results with our own. They found that the lowest pressure at which maximal FEY! was obtained was comparatively small and corresponded to their estimates of pressures required for maximum flow at low lung volumes. This suggests that the FEY! is mainly determined by the shape of the pressure-flow curves at lung volumes less than total lung capacity. It is in this range that these curves are most disturbed in emphysematous patients.
Our study bears on the controversy as to which is the better estimate of individual performance-the highest value of FEY! or the mean of three technically satisfactory trials (Freedman & Prowse, 1966) . Neither of these values necessarily corresponds to the volume expired with the maximum effort. We could not find a significant difference between the maximum and the mean FEY! when effort, as estimated by oesophageal pressure, was greater than 75% of maximum. We conclude that either value is acceptable.
The FEY! was near maximum except when intrathoracic driving pressure was very small, and most subjects found it very difficult to blow with an effort which was neither maximal nor very small. In the latter case the records were recognizable by the person administering the test as technically unsatisfactory. We conclude that the common assumption that the FEY! is independent of effort is essentially correct.
